It is well know n th at som e aggregatio n m ost likely takes place d u rin g any ren a tu ra tio n , this can be elim inated or reduced to a great extent by enzy mes that digest d enatured D NA specifically or by exposing renatured D NA to tem peratures n ea r the Tm or at very low tem peratures in solvents of low ionic strength It has been recently show n by M ay 2 that one can study the form atio n of aggregates of denatured DNA by rheological technique. Such treatm ent has been found not to provoke ag g reg a tion at either low (T ^ 0.3 °C ) or high (T ^ 70 °C) tem peratures, the m ost favourable tem p eratu re for aggregation being about 40 °C . A ccording to this w orker aggregates w ould continue to form in solu tion even at rest. P resum ably such aggregatio n at constant tem perature w ould proceed slow ly even when the shearing stress is rem oved. T he o b ject of the present experim ents is to study this phenom enon at various conditions w ith the help of sp ectro p h o to m etry. The results of d en atu ratio n at different tem p eratu res have been presented in an ea rlier com m u nication 3. O ptically, however, the effects of ag g re g ation could h ard ly be distinguished fro m those of ren atu ratio n . So in most of the experim ents p re sented here calf thym us DNA has been used. Results of other authors indicate that this DNA is less ren atu rab le because of its less GC c o n te n t11 4. Som e experim ents have also been repeated w ith E. coli B DNA. The criteria fo r detecting ag g reg atio n is the fall in ab sorption at the two m axim a of D NA a b so rp tio n spectrum in the u ltrav io let region, nam ely, one at 258 m/< (X) and the oth er at 2 0 4 mju ( Y ) 3,5,6. A bsorption studies at the 204 m /i peak have been m ade w ith special care fo r the effect due to stray light, salt ab sorption, instru m en tal cut-off and macrom olecular scattering in this region. A detailed study concerning the above facto rs w ould be found in earlier papers by the present w o rk e r 5' 6. A P.M .Q . II spectrophotom eter was used for ab so rp tion studies. T em peratures were m aintained constant in th erm ostatic b aths provided w ith G erm an p la ti num contact therm om eter ( ± 0 . 0 1°C ) . The g ra du al decay in absorbance (after com plete denaturation) of den atu red DNA relative to the starting de n atu red m aterial has been represented graphically as a function of tim e. By com paring curves ob tained u n d er different experim ental conditions, the influence of v arious factors affecting the form ation of aggregates has been determ ined.
T he calf thym us DNA is a gift sam ple from P rof. S. Z a m e n h o f (C a lifo rn ia ). DNA from E. coli B has been extracted in highly polym erised form by the m ethod of M a r m u r 7. P ronase (CalBioChem) has been used to rem ove proteins and heat treated RN ase (Sigm a Chem) to rem ove RNA. The characteristics of the calf thym us DNA are N : 13.25% , P : 7.84% , N /P : 1.69% , HoO: 10.52% . DNA of various con cen tratio n s (1 0 -50 («g/m l) in BPES (pH 7.00) at different ionic strengths (0.2 -0.0002 m Na®) has been den atu red com pletely by keeping at various constant tem p eratu res (60 °C -0 c C )3. D enaturation tim e is different at different tem peratures ran g in g from a few hours to a few days. Com plete d en a tu ratio n of DNA has been assured by nearly 40% sa tu ra tio n hyperchrom icity at 258 m jli peak and 80% at 2 0 4 m,a peak at the end of respective p eriods. In o rd e r to detect any enzym atic or nonenzym atic actions durin g storage three techniques nam ely, electron m icroscopy, sedim entation and the m ethod of acid (TCA) p recipitation have been fol lowed 3' 8. These techniques have indicated an iden tity betw een DNA denaturated by conventional m elt ing and the m aterial which has been kept for various p eriods at tem peratures considerably below the Tm , a treatm ent which has been hitherto thought not to cause any significant structural changes of DNA.
F o r the p resent investigation, sam ples show ing full d e n a tu ratio n (i. e. hyperch ro m icity 3) are m erely held at th e ir respective incubation tem peratures for v ario u s d u ratio n s, and absorbances of these sam ples relative to the startin g denatured m aterial are re corded w ith tim e at room tem perature. The d en atu red sam ples on standing show g radual decrease in abso rb ance.
In o rd e r to find the effect of form aldehyde a few sam ples before heat treatm ents are m ixed w ith 1% form aldehyde (n eu tralised and acid freed according to F r e i f e l d e r and D a v is o n 9) . T he results of a b sorbance studies on calf thym us DNA only are show n in F igs. 1 -3. T he data fo r E. coli B DNA have been om itted since the results are qualitatively sim ilar. 
Influence of tem perature
The plots in Fig. 1 show that diminution in absorp tion of calf thymus DNA at the absorption maxima is completely absent for the lowest tem perature (0 °C) and its rate increases with the rise of temperature, being maximum near 37 °C which is about ( r m -25) °C and then falls, although the tem perature is increased to 60 °C. Fig. 2 shows that decrease in absorbance at the DNA maxima is encouraged at higher DNA concentra tion (50 ^g/m l). At low DNA concentration (10 /^g/ml) the effect is leveled off after a certain time. The incu bation temperature (14 "C) chosen was roughly 25 °C below the T m of DNA (calf thymus) is solvent 0.002 m BPES. Fig. 3 shows that the rate of decrease in absorbance of the same DNA at 14 °C is higher at higher ionic solvent and vice-versa.
Influence of nucleate concentration

Influence of ionic strength
Influence of formaldehyde
F orm aldehyde preventing ren a tu ra tio n of de natured units has been next u s e d 10. It has been observed that a DNA (eith er calf thym us or E. coli B) solution (50 //g /m l, 0.2 M Na®) heated fo r lOmin at 100 C and then rapidly chilled or a n nealed in the presence of \% form aldehyde exhibits no decrease in absorption for m any days. S im ilar results have been obtained when the sam e DNAs denatured by storage were kept at v arious tem p era tures in the presence of the reagent. On the con trary , u nder sim ilar treatm ents over the sam e d u ra tions, some loss in absorbance occur in the absence of the reagent. Some of the above experim ents have also been perform ed in E. coli B DNA d en atu red u nder identical conditions of incubation.
F rom the present state of know ledge the tim e de pendent changes observed in the DNA ab so rp tio n m axim a after com plete d en atu ratio n u n d er different conditions could be attrib u ted to any one o r a n u m ber of causes e. g. ren atu ratio n , fo rm atio n of com plexes th at occur between p airs of m olecules (i. e. aggregation or association) or between solute and solvent (e .g . H -bonding), loss of DNA fro m the solution by adsorption or p recipitation. If the d e crease in absorbance of denatured DNA solution is attrib u ted to adsorption which is a surface p h en o menon, the sam e effect should occur to w hatever extent fo r native solution. But results o b tain ed are quite different, i. e. native DNA never shows loss of m aterial due to interface adsorption. Also, b o th a d sorption and precipitation are always m o re the low er the tem perature, and are not favoured at any p articu lar tem perature (viz. 37 °C ) . The plausible phenom ena show ing sim ultaneous dependence on critical tem perature and concentration of m a cro molecules are ren atu ratio n and a g g re g a tio n 2. P resum ably ren atu ratio n can be used only w hen speaking about tim e-dependent absorbance changes of bacterial DNA and aggregation can occur in both bacterial and m am m alian cases. The present studies have shown that the final decrease in ab so rb an ce are qualitatively sim ilar for both the DNAs. H ow ever, for E. coli B DNA the two effects i. e. re n a tu ratio n and aggregation have been distin g u ish ed fo r the initial period of incubation (o r annealing) by the m easurem ent of absorbances. These results are not show n here. F or the first few hours (4 h r at 37 "C) sam ples of specific concentrations show ing recovery of absorbance after annealing have show n adherence to L a m b e r t -B e e r ' s Law on dilution, w hile after this initial period such m easurem ents ca rrie d out on aged sam ples have indicated large deviation from this law. Both native and d enatured D NA have been reported to show absorbance-concentration de pendence 5' 6' n . Hence it is expected th at ren atu red DNA would also obey this law, while the d en atu red aggregated com plexes would not. In the case of ex perim ents done on calf thym us DNA the tim e de pendent changes have been generally referred m ostly as aggregation 6. In this case, how ever, the decrease in absorbance of denatured DNA by a factor of 5 to 10 fold (Figs. 1 -3) could not be all due to helical o r nonhelical aggregation 12. T his leads one to sus pect that the changes in absorbance of solutions on long standing were partly due to g rad u a l form ation of complexes between the polym eric m olecules and solvent e. g. H -bonding and fu rth e r condensation of these aggregated com plexes causing shielding of chrom ophores which added m ore to deviation from L a m b e r t -B e e r 's Law.
We sum m arise and explain our observations in these lines.
(i) The form ation of DNA aggregates irrespective of the type of DNA is optim um n ear 37 °C in 0.02
(ii) D isaggregation is provoked at very low (0 °C) and high tem peratures (60 °C ) , at very low nucleate and salt concentrations.
(iii) Form aldehyde prevents ren a tu ra tio n as well as aggregation of d enatured molecules. T hese observations are sim ilar to those of M a y 2 who concluded that to obtain m axim um am ount of ag g reg atio n d enatured DNA should be incubated at a optim um tem p eratu re nearly 25 °C below the m elting tem perature. In the present case, the m elting tem p eratu res for calf thym us and E. coli DNA in 0.0 2 M BPES buffer were roughly 62 .5 °C and 68 °C respectively. So the tem perature i. e. 37 °C show ing m axim um aggregation for these DNAs in the above solvent corresponds well to the above con clusion of M a y 2. The observed results show ing d e pendence of aggregation upon tem perature, concen tratio n of the m acrom olecule and on solvent co n d i tio n are also in general agreem ent w ith the th eo reti cal analysis of helical and non-helical aggregations of m acrom olecules by O a s a w a and K a s a i 12.
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